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J-KMLNPO!NRQTSUWVYXZNP[]\I^_X]`baYV K aYOONcdOe\f^ K `gVhNIi
`jOe\kfNPlinmnaIVnVpoNNqlqih^_aYVnVn\`jlrl]\IVn^_NPl
s [ZaftWNXpuBawvx`
y \Iznz:aY[ZX-mhNR[]Nq^ K NP[]^ K N{V}|fQIQf~YSu\f[rlqIf~}Sf!zn\kINql
,qwnff NmnNqlr^[]`gN\l]`gOezhgN\IVnmN_&^_`gNqVYX,mnNqVnl]NOe\Xr^ K `gVnkONX K axmn\fl]Nqm@aIV[]NkI`baYV
kY[Zaw-`jVhkX]Nq^ K Vh`jxhNqlqi
 K `g^ K ^\fV:N\fznznb`gNqmXZa\-`jmhN[r\fVnkfNBafTkfgaIn\fbg@XZN_ hXrn[ZNPm¡`jOe\kfNPl¢
£ :[ONqX K ahm^\fVmhNP\(-`gX K VhaIVxc¤[]`bkI`gm¥l]^NqVhNPl\IVnm¥g\I[ZkIN^q\fONq[r\,OafX]`baYVnlq¢!¦`j[]l]X\§¨Nq K `gk K g
mn`gl]XZ`jVn^_X]`bvINe¨Nq\fX]n[]Nql©g`gªfN«z:aI`gVYX]l©aY[R\f[]Nq\Il\I[ZNN_ hXr[]\I^_XZNPm¥\IVnmOe\X]^ K NqmM¢ J-K NPlZN«`jVh`gXZ`j\Oe\Xr^ K Nql
\I[ZN!X K NPV¥:lZNPmB`jV¥\¬^_aY[][]Nj\X]`baYVxcd:\fl]Nqm[]Nkf`gaIVBkI[]aw-`gVhk§lZX]Nqz¥ K `g^ K zn[]aIzn\fkI\X]Nql
X K N«Oe\Xr^ K Nql`jV
X]N_ hX]:[ZNPm¬\IVnmOaI[]N}\fO!h`bkYhaI:l-[ZNqkf`gaIVnl%afX K N}`jO\fkfNPl¢ J-K N}`jOznbNPO!NPVYX]\X]`baYVaX K N!\gkfaI[]`gX K O
`jl-\jl]akI`bvINqV¬\fVnm§`jl-mhNqOaIV:lZXr[]\fXZNqm§aIVafX K l]hVYX K NqXZ`j^\IVnm[ZNP\­`jO\fkfNRzn\f`g[rl¢
®¯Y°­±r²T³ w´fµ NqV:lZNRu\fX]^ K `jVhki y NkI`baYV¶[]aw-`gVnk:i:·¸aI[r[ZNqg\fXZ`gaIV
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¯  ¯  V\fbkIaI[]`bX K ON,l]`gOezhgN,NqX[r\fzh`jmhN,m \Iznzn\f[]`gNqONqVYX!mnNqVnl]N§hX]`bg`jl]\IVIXmhNql!XZNP^ K Vh`jxhNql
mnNe^q[ZaI`glrlr\fVn^NqlmhN«[hoNqkf`gaIVnlNql]XRzn[hoNql]NqVYXhoNf¢RU¤l \Iznzhg`gxhN L\nVhNej\f[]kfNe^_j\flrlZNem `gOe\kINqlXZN hX]n[hoNNPl
lr^ LNqVhNPl&VhaIV[]`gkf`jmhNql,NX,kY[]\IVnmnl&mpoNqzhj\f^NqONqVYXrl¢ \gkfaY[Z`gX K O!N¥lZNmpoNq^aIOez:aYlZNNPVmhNqh  oNX]\Iz:NPl¢
£ VN xXr[]\f`bXRNqX}\fznz:\f[]`bN&m \faI[rmmhNql!zn[Z`jO`bX]`bvINqlqizaf`jVYX]lRaY[noNqkf`gaIVnlqi<l]N&mh`gl]XZ`jVhkYn\fVYX© \f^`bgNqONPVIX
mnNql}\IhX][]Nqlq¢¬·¸Nql!zn[]NqO`bNP[]lR\Iznzn\I[Z`gNqONqVYXrlRlZaYVIXRNPVnlrh`bX]Nql}nXZ`gb`jlhoNql}zaIn[}`gVh`gXZ`j\g`jlZNP[}nVhN@oNqX]\Iz:N&mhN
^q[ZaI`glrlr\fVn^NmhNR[hoNkI`baYVnl\Iznzn\f[]`_oNNPl¢(·¸NXZX]N}zn[]aIzn\fkI\X]`baYV&m \fznz:\f[]`bNPO!NPVYX]l%mn\fV:l¸gNqlqaIVhNPlpXZN_ hXrn[hoNNql
zNq[rONXpmhN^aIVnl]X][rh`j[ZNIiYz:\f[^aIVYXZ`jVxh`gXhoNIiIgNqlaYVhNqlpmh`b«^`bgNql L\T\Iznzn\I[Z`gNq[ L\Tzn\I[ZX]`g[¸mhNqaIVhNPl vIaf`jlZ`jVhNql
zngnl
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u¥\fVY}\gkfaY[Z`gX K Oel K \ vINpNNPV!zn[]aIzaIl]Nqm}¨aI[(mhNPVnl]N%Oe\fX]^ K `jVhk:¢ £ VhN-z:aYznhj\f[(\Iznzn[]aI\f^ K `gl(n\IlZNPm}aYV
^aI[r[ZNqg\fXZ`gaIVMi K awpNvINq[¸X K `jl-ªY`gVnm¬af\gkfaY[Z`gX K O `gl%kINqVhNP[]\fbgeb`jO`bX]Nqm¬XZa«[]Nj\XZ`gvfNqb&lrOe\gEmh`jl]zn\I[Z`gX¤fi
K NqVn^N§lrO\fbp^\IO!NP[]\O!aIXZ`gaIVM¢¥¦:aY[Tl]XZNq[]Na`gOe\kINql2@ µ# ~f"AGiB@ CRaIlrfQDA% K aIl]N&NPzh`gzafj\f[TkfNqaIONXr[Z
`jlTªxVhawV FE!0 "!0 i X K N,lZNP\f[r^ K l]zn\I^_N,^q\fVN,[]Nqmnn^NqmX]a\ µ \gaIVnkNqzh`jz:aIg\I[Rg`gVhNPl¢UWOe\fkfNql
[]Nq^XZ`HG^\fXZ`gaIV`jl!nlrn\fbg:lZNPmXZa\I^^_NqbNP[]\fXZN«X K N§mhNPVnl]N§Oe\Xr^ K `gVnkBzn[Zah^NqlrlinhXemhaxNql!VhafXT\fbgaw
qaxaIO`gVnk`jVIwaIhX%aX K N}^q\fONq[r\n¢
# VhafX K Nq[-\Iznzn[]aI\f^ K `jlpaIzhX]`g^q\KJ:awL@ M%¦M%7NAdih K `g^ K¬K \IVnmhgNql%VhaIVhcd[]`bkI`gm,l]^NqVhNPlp:hX%`glpg`gO`gXZNqm
X]a&l]Oe\fbgNq[mn`glrzhj\f^_NPONqVYX]lq¢ µ `HO NP[ZNPVIX]`g\f<X]Nq^ K Vh`jxhNql
kf`gvfN}\I^^:[]\fXZN©Nql]XZ`jOe\XZ`gaIVafmn`glrzhj\f^_NPONqVYX]l
¨aY[}lrO!axaIX K `gOe\fkfNqlqi:hXR \`g ¨aY[RXZN hX]n[]Nqm`jO\fkfNPl}\fVnm\fX}mhNqzhX K mh`jl]^aIVYXZ`jVxh`bX]`bNPl¢ # []Nq\cd:\fl]Nqm
Oe\fX]^ K `jVhk,X]Nq^ K Vn`gxhNPl\I[ZN! \fl]XiE:hXmna¬VhaIXzNq[Z¨aI[rO5pNg¨aY[©l]nhcdzh`b hN(mh`jl]zng\I^_NqONPVIXrl
aY[mn`bj\wc
X]`baYVnlq¢
£ ^q^_jnlZ`gaIV:l\I[ZNeaYVhNea¸X K N&Oe\wtWaY[l]aI:[]^Nql¨aI[©[]aIVhkOe\Xr^ K Nqlq¢!uaIl]XafpX K N«[ZNP^_NPVIXRl]XZNP[ZNqa
\IVnmeaIznXZ`j^\%J:aw@¸aY[]ª!^_aIV:lZ`jlZXrl af­`jVn^q[ZNPO!NPVYX]\`gOezn[]awvfNPONqVYX]l(X]a}N_ h`jlZX]`gVnkTONX K axm:liYXZa}`jVn^q[ZNP\fl]N
lrzNNqmEif\f^q^n[r\f^RaI[([]Ng`g\Ih`bg`gX¤f¢ £ VnbT\¨Nq@\IhX K aY[]lmh`j[]Nq^_X]b!X][]Nq\fXj\f[]kfNpah^^gnl]`gaIVTl]XZNP[ZNqaF@ UM-"N"AG¢
P `bNP[]\I[]^ K `g^q\MONX K axm:llZNqNqO XZa«:N!VhNq^Nqlrl]\I[Z«X]a«X][]Nq\X%j\f[]kfNRmh`jl]z:\f[]`bX¤,[r\fVnkfNf¢ P aw¸NqvfNq[qih^_aY\f[rlZNc
X]ac6GVhNRl]X][r\XZNqkf`gNql%O`bk K XO!`jlrl-lZaYO!N©X]N_ hX]n[]N}mhNqX]\`gjl-\fVnm, \`g<\XmnNqzhX K mn`glr^_aYVIX]`gVxh`gXZ`gNqlq¢
£ n[R\fbkIaI[]`bX K O nl]NqlROe\f`gVhg¥[]NkI`baYVBkY[Zaw-`jVhk¬XZNq^ K Vh`gxhNPl¢ y Nqkf`gaIV¥kI[]aw-`gVnk§`jl}\^_j\flrlZ`j^e\fzxc
z:[ZaY\f^ K ¨aI[¸lZNqkIONqVYX]\fXZ`gaIVQ@ PR ~STAdi/@ uBaIV:~UVAdi/@ # M-7N"AdiY\IVnmGVnmh`jVhkl K \Iz:NPl@ M-[]\IfQDAd¢U¤X¸`glp\jl]aR¸Nqb
\Imn\fznXZNqmX]al]NqO` cd`jVIX]Nq[r\f^XZ`gvfN«`jO\fkfN,z:[Zah^_NPl]l]`jVhkB\fznznb`j^\fXZ`gaIVnlW@ # M-7N"AX>UWVYXZNq[r\f^XZ`gvfN,z:[Zah^_NPl]lT\f[]N
:Vn\ vfaI`gmn\IhgN©¨aI[[ZNP\\Iznzhg`g^q\X]`baYVnli­\gX K aIhk K ¸N!-`bgaIVhgmh`glr^:l]l
 hgbB\IhXZaYO\fXZ`j^RXZNP^ K Vh`jxhNql
K Nq[]NTY ¢UWV§`bXrl%lZ`jOezhbNPlZX-l]NqVnl]Nfih[]NkI`baYV«kI[]aw-`gVnkT`jl¸X K NRzn[]ax^NqlrlafONq[]kf`jVhkVhN`gk K aI[]`gVhkz:aI`gVYXrlX aI[
^afgbNP^_X]`baYVnl%az:aI`gVYX]l0Y¸`jVIX]aeg\I[ZkINq[%[ZNqkf`gaIVnl%n\IlZNPm,aYV K aIOafkINqVhNq`bX¤,z:[ZaYz:NP[ZX]`bNPlXG^ W¢@ PR ~(SDAY ¢
u\fX]^ K `jVhkTYe[ZNqkf`gaIVkI[]aw-`jVhk:iaY[(`jVeafX K Nq[ paI[rmnl mnNqVnl]N
Oe\Xr^ K `gVnk}zn[ZaYzn\kY\X]`baYVMi`jl `jOznb`j^_`gXZg
:lZNPm«`gV§[ZNqkIhj\f[]` q\X]`baYV2XZG:gMX K NkI\Iznl `jV,mn`glrzn\f[]`gX¤eOe\Ize [ZaYO VhN`gk K aI[]`gVhkOe\X]^ K Nql0Y(\fV:m«aIzhX]`g^q\
Jaw8X]Nq^ K Vn`gxhNPl@ M%¦[M-7NA\X>Y`bX]Nq[r\XZ`gvfN!\gkfaI[]`gX K Oelaf kfgaIn\f^aIl]XO`gVn`gO` q\X]`baYVY ¢ # VN_ nzhg`g^`bX
[]NkI`baYVkY[Zaw-`jVhkONX K ahm`glT`gVYX][]ahmnn^Nqm`jVX K N,z K afX]afkI[r\fOeONXr[Z¥mhaIOe\`jVY]@ £ ·p~fDAp-`bX K X K N
^ ¶afXr^ K \7_`Xd¶[rhNqVxc £ XZX]acZ· K \fKY #  R ·aX # m:\fzhXr\XZ`gvfN Nq\fl]X R xn\f[]N&·¸aI[r[ZNqg\fXZ`gaIVY\gkfaI[]`gX K O¬¢TU¤X
l]X]\I[ZXrlE-`gX K \fznzn[]a  h`gOe\fXZNzn\fX]^ K Oe\fX]^ K NPlNX¤pNNPV}X¤pa RYs £ J lr\X]Ngb`gXZNp`jO\fkfNPl<\fV:m}[ZNGVhNPl<X K NqO¬¢
J-K N`j[&[ZNP^_awvINq[]Nqmmn`gl]XZaY[ZX]`baYVzn\f[r\fONX]Nq[rl«\f[]NnlZNPmXZaz:[ZNPmh`g^X&\fznz:[Za  h`jO\fXZNOe\Xr^ K Nql&¨aI[&VhNq




¨aI[nh`gjmh`gVnk§N xXr[]\I^_X]`baYV\f[]NTmh`jl]^qnl]l]NqmB`gVX K Nel]\ION!mhaYO\f`gVIc@ CRu7dA
\!zYx[r\fO`jmn\ \gkfaY[Z`gX K OXZazn[]axm:n^_NlZNqNqm&Oe\Xr^ K Nql¸\fVnm&N_ hX][r\f^XZ`gaIV«afEb`jVhNq\I[ NqbNPO!NPVYX]lpXZa[ZNPO!awvIN
zaIlrl]`ghgN¸ngnV:mhNq[rl<\I[ZNpzn[ZaYz:aYlZNPmM¢`gªfN U¤XZNP[]\fXZNqm·¸baYlZNPlZX s af`jVIXeX U]· s YEONX K axm:lE¨aY[[]NkI`gl]X][r\X]`baYVaf
Q µ l K \Iz:NPlb@ M%uYDAGinmnNqVnl]NRO\fX]^ K `jVhken\fl]Nqm,aIV§[ZNqkf`gaIV«kY[Zaw-`jVhk!^aIO!h`gVnNqlp\Nql]XfG[rlZX%lZNP\f[r^ K `jVhk
l]X][r\X]NkI&\fVnm¬zn[]aIzn\fkI\X]`baYV&X]aeVnN`gk K :aY[ K aYahmM¢
£ n[TO\f`gV\Il]lrnOezhX]`baYV¥`jlRX K \X}X K N,lr^_NPVhN«`gl}kfgaIn\fbgBXZN hX]n[]Nqmg`gªfN&Oe\fVYaYhX]mhaxaY[Rl]^NqVhNPl¢
g aIVxc¤[]`bkI`gmelr^_NqVnNql \IVnmg\I[ZkINmh`glrzhj\f^NqONqVYX]l\f[]N\gbawpNqmM¢ £ n[ ^aIOeznhXr\XZ`gaIVeX]`gON`jl( \IlZX-`bX K aIhX
`jOe\kIN©[]Nq^XZ`HG^\fXZ`gaIVMihX K Nq[]N_¨aY[ZN©^\IONq[r\ qaYaYO`gVhke`jVI aYhX%`gl
\gbawpNqmM¢
£ n[\gkfaY[Z`gX K O K \Il
X¤pa§Oe\f`gVBl]XZNPznlq¢ J-K N5G[rlZXlZX]NqzN hX][r\f^_Xrl\IVnmBOe\Xr^ K Nql\,lrzn\I[]l]NTl]NX
af
K `bk K bmh`jl]XZ`jVn^_X]`bvIN!¨NP\Xrn[ZNPlhXGnVhg`gªfN!X]ai@ CRu(dTAZY  ',5E 	 \fVnm 
,Q!'' ¢ R NNPmzaf`jVIXrl©\f[]N
zaf`jVYX]laM`gVYX]Nq[]Nql]X\fVnm«\I[ZNOe\fX]^ K NPm«Ie^_aY[][]Nj\X]`baYVM¢EUdEX K Nlr^_NPVhN-`gl¸[Z`gkf`jmMix\R[ZaYnnl]X XZNP^ K Vh`jxhNXZa
jkjml=nVo0o0p
q
N V&7  k+)+ 
!
Oe\fX]^ K z:aI`gVYX]la`gVYXZNP[ZNPlZX-X K []aIhk K X K N}[ZNP^_awvINq[]afX K N}nVnªxVhawV¬NPzh`gzafj\f[%kINaYO!NqX][]`@  µ ¦ 7N"A
^aIhjmBN«nlZNPmM¢ R NNPm\I[ZNP\fl
^aIOezhgNX]N!X K Nql]NOe\fX]^ K NPl
`jVBX K N«O!aYlZXnVh`b¨aI[rO^_aIbaY[ZNPmB\f[]Nq\Il¢  N
N hX][r\f^_X\fVnmTO\fX]^ K X K NqO YRl]`gO!hbXr\fVhNqaInl]g©Oe\fX]^ K `jVhk\IVnm}[]NkI`baYVRkI[]aw-`gVnk-`gVTX K N%OaIl]XnVh`b¨aI[rO
^afgaI[]Nqm§\f[]Nq\flpafX K NR`gOe\kINqlq¢
J-K N}l]Nq^aIVnml]XZNPz¬:lZNPl%X K NPlZNR`jVh`gXZ`j\Oe\fX]^ K NPl%XZa&l]NNqm¬\«mhNPVnlZN}Oe\fX]^ K `jVhk«zn[]aIzn\fkI\X]`baYVMihnl]`gVhk
\Nql]XG[rlZXROe\Xr^ K `gVnkl]X][r\X]NkIf¢ J-K `jl©N_ hXZNPVnmnlRX K N«O\fX]^ K NPl©XZa`jVn^_jnmhN«X K N«XZN hX]n[]Nqm\f[]Nq\Ilaf
X K NR`jO\fkfNI¢(UdX K N}l]^NqVhN©`jl[]`bkI`gmMihpN}^\IV§:lZNRX K NRNqzh`jzafj\f[%kfNqaIONXr[Z,aIhXr\`jVhNqm§`gV¬X K NG[rlZXl]XZNPz
X]a^aIVnl]X][r\`jV&X K N©zn[ZaYzn\kY\X]`baYV«`gV§X K Nl]Nq^aIVnm§lZX]NqzM¢ £ n[%zh`b hNbcGX]ac¤zh`b xNqglpzn[]aIzn\fkI\fXZ`gaIV&mhNP\jl-`gX K
G VhN-XZN xXrn[]NmhNXr\`gglqiI\IVnmelZX]aIznl­tZ:lZX\fX(X K N
ax^q^_jnl]`baYV!aI[rmhNq[rl`b­X K Ne\f[]N%NqVhaYhk K XZN hX]n[]NqmM¢ J-K N
[]NqlrhgX(`gl¸\Rzh`b xNqb`j^Oe\Xr^ K `jVhk:iYnhX `gX¸VhNqNqmnl bNPl]l¸^\j^ng\fXZ`gaIVnlX K \fV«zn\fX]^ K cdXZafcdz:\X]^ K Nql(zn[]aIzn\fkI\fXZ`gaIV
\IVnm¬mh`gl]XZaY[ZX]`baYV§z:\f[r\fONX]Nq[pNql]XZ`jOe\XZ`gaIV:l%b`jªNW@ £ ·p~fDAd¢
J-K Ne[]NqzaI[]X`glaY[ZkY\fVh` NPm¬\Il¨aIbgawlq¢ J-K NX¤¸a§lZX]NqznlaX K NemhNqVnl]N!Oe\fX]^ K `jVhk§\fbkIaI[]`bX K O \f[]N
[]NqlrzNq^_X]`bvINgmnNqlr^[]`gNqme`jV R NP^_XZ`gaIV:lpR\IVnm&Q:¢n\IVYXZ`gX]\X]`bvIN
[]NqlrhbXrl aYV&lZhVYX K NXZ`j^mh`jl]XZaI[]XZ`gaIV:l\fV:m
xn\fb`gX]\fXZ`gvfN©[ZNPl]nbXrl¸aYV,[]Nq\f `jOe\kINzn\f`g[rl%\f[]Nzn[]Nql]NqVYX]Nqm&`jV R Nq^XZ`gaIVFN¢ R Nq^XZ`gaIV STlrnOeOe\f[]` qNqlpX K N
paI[rª ihmh`glr^:l]l]Nql%`gX]l\Imhvw\fVYX]\fkfNPl¸\IVnm¬b`jO`bXr\XZ`gaIV:l-\fVnmlrhkfkINql]X]l%lZaYON nX]n[]N}mh`j[ZNP^_XZ`gaIV:l¢
 ? 	 (_
	# 	
UWV¬X K `gllZNP^_X]`baYVMinpN}l K aw K aw8XZa&zn[]ahmnn^N}\«lZNqX-a(`gVn`bX]`g\f<^\IVnmh`jmn\X]N}O\fX]^ K NPl¢  N G[]l]XtZnl]XZ`b¨
X K N!^ K af`j^_N}af(l]NNPmBzaf`jVIXrl
\IVnmBl]NNqm\I[ZNP\flq¢ R Nq^aIVnmnbIipN}N_ nzhj\`jV K aw XZa¬^_aYOz:\f[]N}lZNqNqmB\I[ZNP\flqi
\IVnmWGVn\gg§mhNPl]^q[Z`j:N©X K N`j[-Oe\X]^ K `gVhk«\IVnm¬X K Nq`g[-[]NkI`baYV,kY[Zaw-`jVhkc¤n\IlZNPmeN_ hX][r\f^XZ`gaIVM¢
 ! "!#$&%'(%%)#*,+
u¥\X]^ K `gVhkzaf`jVYX]lMafY`jVYXZNP[ZNPlZXM`jlEVhaw\-[ZaYnnl]XEzn[]ax^NqlrliP\flEmnNqOaIVnl]X][r\X]Nqm
¨aI[MN n\fOezhgN(`gVF@  µ ¦"NAd¢
¦`j[]l]XixX K Nql]Nzaf`jVYX]l%\f[]NN_ hXr[]\I^_XZNPm&\fV:m,Oe\Xr^ K Nqm«-`gX K ^_aY[][]Nj\X]`baYVM¢3M%Nq^q\fnl]N
afVhaI`gl]N\IVnm&VhNP\f[]b
[]NqzNX]`bX]`bvINz:\XZX]Nq[rVnlqin\![]Nj\w n\X]`baYV&l]XZNqz¬\fV:m,VhN xX-\[ZaYnnl]X¸NPlZX]`gOe\fXZN©a<NPzh`jz:aIg\I[¸kINaYO!NqX][]«lZNqNqO
X]a¥N¬VnNq^_NPl]lr\f[]XZazn[Zahmn:^_N§[]Ng`j\fhgN§Oe\Xr^ K Nqlq¢ P awpNvINq[qi\¥lZNqX!af
^\IVnmh`jmn\X]N¬zaf`jVYXOe\Xr^ K Nql
aYhX]\f`gVnNqm¬I§lZ`jOezhbN}^aI[r[ZNqg\fXZ`gaIV§^_aIngm¬:N}lrx&^_`gNqVYX-X]ael]NNPm^_aIV:^n[r[ZNPVYXpzn[]aIz:\kI\fXZ`gaIVnlq¢
u\fX]^ K `jVhkNqmnkfNlZNqkIONqVYX]le`jl¸Nqb\Imn\fznXZNqm¨aI[«zafgfNPmn[]`g^¬\fVnm#gaw XZN xXrn[]Nqm@l]^NqVhNPl¢@U¤Xe`gl
mn` &^nbXX]a&N_ hXr[]\I^_X\fV:mO\fX]^ K lr\g`bNPVYXO\fX]^ K NPl-a(NPmhkfNTl]NkYONqVYX]l-`jVaI:[^\IlZNIi::NP^\InlZNTa(aIn[
\Il]lrnOezhX]`baYV,afXZN hX]n[]Nqmlr^_NqVnNqlq¢
¦`jVn\gbIix`bX¸`glpªxVhawVeX K \fX¸l]NkYO!NPVYX]\X]`baYVe`gl¸\fV«`jVnl]X]\IhbNzn[]ax^Nqlrl¢ g NqvfNP[ZX K NgNqlrliI¸NVhNNPm«aIVhg
X]aRN_ hX][r\f^Xl]aION-`gVn`bX]`g\fl]NNqme\I[ZNP\RO\fX]^ K NPl¢ # zn[]ah^_NPl]l(-`ggN
mhNqlr^[]`j:NPm\I:awvIN- K `j^ K zn[Zahmn:^_Nql
l]aION[ZNqb`j\fhgNeO\fX]^ K NPl
afX K NeOaYlZX©nVh`b¨aI[rO^_aIbaY[ZNPmB\f[]Nq\Ila¸X K Ne`jO\fkfNPl¢ J-K Nel]`gO!hbXr\fVhNqaInl
:lZN%a­l K \fzN%\IVnmO!NP\fV^_aIbaY[^aIOezn\I[Z`jlZaYVnl:NqX¤¸NqNqVlZaYONp`jl]afj\XZNPmT\IVnm!:Vh` ¨aY[]O^_aIbaY[ZNPm}[ZNqkf`gaIVnl
`jV¬X K NRkIbaYn\gg«XZN_ hXrn[ZNPm¬`gOe\kINqlp`jll]h«^`bNPVYXpX]a&zn[]axm:n^_NR^\IVnmh`jmn\X]NRlZNqNqm\f[]Nq\Oe\X]^ K Nqlq¢
 N&nl]NX K NqVl]NNqm\f[]Nq\Il©\fVnmlZNqNqmz:aI`gVYXrl¢ R n^ K lZNqNqm¨Nq\fX]n[]NqlR^aIhjmBaYVhb¥:N&Oe\Xr^ K Nqm¥`jV
pNq\Iªmh`gl]XZaY[ZX]`baYV\I[ZNP\fl:NqX¤¸NqNqVX K NX¤¸a`jO\fkfNPl¢ µ NqV:lZNOe\Xr^ K `gVnkzn[]aIz:\kI\fXZ`gaIV-`gb-N hXZNqV:m
Oe\fX]^ K `jVhkTX]a!OaI[]Nmn` &^nbX%\fVnm§mh`jlZX]aI[]XZNqm,[ZNqkf`gaIVnlXZaeO\fX]^ K ¢Ud<X K N©l]^NqVhN`glp[Z`gkf`jmMixX K NNPzh`gzafj\f[
kINaYO!NqX][]«`gl
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¦`j[]l]XilZNqNqm\f[]Nq\Il%-`bg<VhaIX
nlrn\gg§NTmh`jlZX]`gVhkYh`jl K \IhgNR` (X K N`j[\f[]Nq\e\f[]NRXZaxa&lrOe\g X>nVnbNPl]l
X K Nq`g[
^afgaI[rl!\I[ZN[r\f[]N§aY[!X K N`j[«VhNq`bk K aI[ K axahmnle\f[]N§vINq[]mh`HO NP[ZNPVIXqip:hXeX K `jl&^\IlZN¬`jl«VhafX«^_aYVnl]`gmhNP[ZNPm
K Nq[]NTY ¢ £ VBX K NeafX K Nq[ K \fV:mMi<\f[]Nq\Il
 K `g^ K \f[]N!X]aYa¬j\f[]kfN!\I[ZNelrnxtWNq^X©XZalZ`gkIVh`HG^q\fVYXzNq[rlrz:NP^_XZ`gvfN
\IVnml]NkYO!NPVYX]\X]`baYVmh`jlZX]aI[]XZ`gaIVnlq¢ R a¥¸N§b`jO`bX!X K NO`gVh`jOT:O \fVnmOe\w h`jOTnO3l]` qNql!aaYn[Tl]NNPm
\I[ZNP\flq¢<UWV«zn[r\f^XZ`j^_NIif`gXX]:[]VnlaIhXX K \fX X K Nl]\ION-`gVYXZNP[Zvw\f:aE\fbgaw¸NPmv \fgnNql `jllrx&^_`gNqVYX(¨aY[Oe\fVY
mn` O­Nq[]NqVYX%X¤hz:NPl-a`gOe\fkfNqlq¢ J-K N}[]\IVhkfN`jVIX]Nq[]vw\M`jlRTX]a,Tzh`b hNjl%¨aI[-\fbMaYn[%XZNPlZXrl¢
J pa«\f[]Nq\fl \IVnm \I[ZNR^aIOezn\f[]Nqm§vfNP[Z&l]`jOznb¬I,X K Nq`g[ONP\fV¬^_afgaI[%\IVnm¬X K Nq`g[l K \Iz:N.X>l]NN
¦`gkIn[]NeTY 







We want to compare areas A of view 1 and area B of view 2. Let a (resp. b) be the centroid
of A (resp. B). Our simple shape-based criterion is the quotient of the gray surfaces by




 XY! #" $ X Y&%' ")(*" % $ X+ Y "
"  "(,"  "
 K NP[ZN "  " `gl%X K NT\f[]Nq\!a-}i ^ c_T`jVnmh`j^\fXZNql
lZNqXmh` O­Nq[]NqV:^_Nfi\fVnm $ `jl-X K NRX][r\fVnl]j\XZ`gaIV& [ZaYO  l^NqVYX][]af`jmXZa  lq¢ # [ZNP\fl\f[]N}Nq\IlZ`gbmh`jlr^[]`gO`jVn\X]NqmBYX K Nq`g[^_aIbaY[]l\fVnm¨aI[rOlqiM\fVnm  \gbawl¨aI[
\&b`gXZX]bNz:NP[]lrz:NP^_X]`bvINTmh`jlZX]aI[]XZ`gaIVaI[
`gVn`bX]`g\fl]NkYO!NPVYX]\X]`baYV¬Nq[r[ZaY[¢ £ X K Nq[
ONP\flrn[ZNPl
^aIhjm:Nnl]NqmMi
lrn^ K \fl©X K NkINqVhNP[]\fb` NPm P \fnlrmhaI[ OONq\flrn[]N @ P/. (STA aI[©OaIONqVYX]lF@ M R UDAGinhX©X K N«X¤palZ`jOezhbN
ONP\flrn[ZNPl%\fawvfN K \ vfNRzn[]awvfNPm,\fmnNqxn\X]N©`gV§aIn[%N nz:NP[Z`jONqVYX]lq¢
+0 132 &"! 4 -56 7  &98  !( #  % ", 0 "!0#
J-K N G[rlZX}l]X]\fkfN«a-aYn[}\gkfaY[Z`gX K O`gl!\fV\fbX]Nq[rVn\X]N&lZNPYnNqVn^N«a[ZNqkf`gaIV¥kI[]aw-`gVnk\IVnmOe\X]^ K `gVhk
l]XZNPznlp¨aI[-l]NNPm\f[]Nq\flq¢
# XRX K N«:Nqkf`jVnVh`jVhk:iENP\f^ K zh`b xNq¨aI[rOel\l]Nqzn\I[]\fXZNe[ZNqkf`gaIVM¢ µ :[Z`jVhk\¬kI[]aw-`gVhk¬lZX]NqzMiE¨aI[©Nq\I^ K
^aIVnVnNq^_X]NqmB;:&zh`  hNqglhbah^ ª§a zh`b hNjl
`jVX K N!`gOe\fkfNqlqi:X K N`j[[ZNqkf`gaIVnl\I[ZN}ONP[ZkINqm`b X K Nq`g[^_afgaI[




d V&7  k+)+ 
!
µ n[]`gVhke\O\fX]^ K `jVhkelZX]NqzMixNP\f^ K []NkI`baYV«aX K N G[rlZX¸`gOe\fkfN`gl%^_aYOezn\f[]Nqm«X]a!NP\f^ K []NkI`baYV«aX K N
l]Nq^aIVnm¥nl]`gVhk¬X K N\I:awvIN!^[]`gXZNq[]`j\ ^q\fVnmn`gmn\fXZNeOe\X]^ K Nql\f[]N\I^^_NPzhXZNPmB`bpafX K afX K Nq`g[©\I[ZNP\fl\f[]N
-`gX K `gV¬X K NRX K []Nql K afjmnl-\IVnm,X K N`j[ONq\IV§^afgaI[%\fV:m¬l K \Iz:NRmh`HO NP[ZNPVn^_NPl\f[]N©l]Oe\gG¢
Each little square is a pixel. The big square is the selected 2*2 block of pixel for a merge process. The difference between the max and min 
colors values of its pixel is bounded by the upper threshold mentioned in the text. The last merge is the fusion of two different region and a
individual pixel.
¦`gkIn[]N§  J [ZNqN,lrn^^NqlrlZ`gvfN&zh`b hNpaI[![ZNqkf`gaIVONq[]kfNqlTnlZ`jVhkO!aYlZX!nVh`b¨aI[rO ^afgaI[]Nqm :Bzh`  hNqgl
nbah^ ª ¢
J-K N&\fbkIaI[]`bX K O`jl}[rnVlZNqvfNq[r\X]`gONqlT\X}mh`HO NP[ZNPVYX}^_afgaI[©nVn` ¨aY[]O`gX¤gNvfNqgl¨aY[RX¤pa[]Nq\IlZaYVnlq¢
¦`j[]l]XZgfin[]NkI`baYV&kY[Zaw-`jVhkT`jl-VhaIX%l]X][]`j^_XZg&`jmhNqVYX]`g^q\­`gV¬X K N©X¤¸a`gOe\fkfNql-Nq^q\fnl]NaVnaf`jlZNR\fV:m§zNq[rlWc
zNq^XZ`gvfN-mh`jlZX]aI[]XZ`gaIVl]:^^_NPl]l]`gvfNpXZNql]X]l(\I[ZN%VhNP^_Nqlrlr\f[]RXZa©NqVnlrn[]N¸kIaxaxmOe\Xr^ K Nqlq¢ R Nq^_aYVnmhgfi`gX(\gbawl
X K N}lr\fON©`gVYXZNP[Zvw\fMaX]Nql]XZNPm§X K []Nql K afjmnl%XZa K \fVnmhgNROe\fVY,mh`HO NP[ZNPVYX-X¤xzNql%afvx`gNlq¢
 	  ¸	    R!_	
 N K \ vfN¬mhNqlr^[]`j:NPmX K N$G []l]Xl]XZNPzaf
aIn[e\fbkIaI[]`bX K O `gV#X K Nzn[]Nvx`gaInll]Nq^_X]`baYVM¢ # ONX K axm#XZa
aYhX]\f`gVlZNqNqmzaf`jVYXOe\Xr^ K Nql%\fl^_`gXZNqmE¢ # V\fbkIaI[]`bX K O p\Il\fgl]a,zn[]aIzaIl]NqmX]a§aYhX]\f`gVlZNqNqmB\I[ZNP\
Oe\fX]^ K NPl¢ J-K N-lZNP^_aIV:m!l]XZNPzT`jl(VhawmhNPl]^q[Z`jNqmM¢  N:G []l]X:tZ:lZX]` ¨!X K N^ K aI`g^N¸afX K NmhNqV:lZN%Oe\X]^ K `gVhk
z:[ZaYzn\kY\XZ`gaIV«l]X][r\X]NkIxX K NqV§¸N©kI`bvIN
X K N}zn[Z`jVn^`gzhgNaX K NR\gkfaY[Z`gX K OGVn\fbg«X K N}\gkfaI[]`gX K O \fV:m
l]aION`gOezhgNqONPVIXr\X]`baYV¬mnNX]\f`bjl-\f[]Nkf`gvfNqVE¢¦aI[%^_j\f[]`gX¤fixX K NRN n\f^_X%g`gV:ª&:NqX¤¸NqNqV§X K NG []l]X-\fVnm§X K N
l]Nq^aIVnm¬l]XZNqz§`jl-N_ nzhg`g^`bX]Nqm¬`jV§X K NRj\fl]X%z:\f[]XpafX K `jllZNP^_X]`baYVM¢
0  
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£ :[©kfaI\f(`glTmhNqVnl]N&Oe\Xr^ K `gVnk¨aI[©XZN hX]n[]NqmMiVhaYVmn` O­Nq[]NqVYXZ`j\fnbN&\IVnmVhaf`jlZ`gOe\kINqlq¢  N&^ K axaIl]N
\¥^_aY[][]Nj\X]`baYVxcd:\fl]NqmONX K axm#:NP^\InlZN§`bX`jll]`jOznbN\fVnm \fl]X¢·¸aI[r[ZNqg\fXZ`gaIV`jlbNPl]llZNPVnl]`bX]`bvIN,XZa
kINaYO!NqX][]`g^¬mh`jlZX]aI[]XZ`gaIV` Rl]Oe\fb--`jVnmhawl«\I[ZNnl]NqmM¢ P awpNvINq[qi Oe\X]^ K `gVhk-`gX K lrO\fb--`jVnmhawl
^q\fV:N&\IOTh`gkInaInl-`gX K VhNq\I[ZgBzNq[]`bahmh`j^XZN_ hXrn[ZNPlRl]:^ K \IlX K aYlZNea%aInX]mhaxaI[©lr^_NPVhNqlq¢ J-K :li<\
l]X][]NqVnkfX K ^_aYVnl]X][r\`jVIX`jl VhNNPmhNqmT¨aI[([]Ng`j\fhgN-O\fX]^ K `jVhk¢  Nnl]NpX K N  	*	)+h 	%0*!;"	% <N h^NqzhX
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z:[ZaYzn\kY\XZ`gaIV}`gl \©l]`gOezhgN\fV:m!NO NP^_X]`bvINp%\ }X]a©:lZN-X K `gl^_aIV:lZXr[]\f`gVYX<X K Nzn[]aIz:\kI\fXZ`gaIV!O!awvINql []aIO
gNqlrl-\fO!h`gkIhaYnl%O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a A
Neighborhood of pixel a in view 1 Neighborhood of pixel A in view 2
b B
c C
The neighborhood of a match (a,A) is a set of matchs included
in the two 25-neighborhood of a and A. Possible correspondants
of b (resp C) are in the black frame centered at B (resp c).
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J-K `glOe\IªNqlp`gXNq\IlZ,XZaevx`glrn\g` N©X K N!O\fX]^ K aNq\I^ K lrxn\f[]NR\fVnm§`bXrlmh`jlZX]aI[]XZ`gaIVM¢ # :NPlZX-%\ e¨aI[
^afgaI[%mh`jl]zng\ hl-^_aYVnl]`gl]X]lpXZa&nbNPVnm\[]NqmhcdhjhNR^ K NP^ ªNqm§:aY\f[rm,-`gX K X K NRaI[]`bkI`gV:\­`gOe\fkfNqlq¢
    5 ! ! 	 #*&% "&!%5 #
s aY[ZX]`baYVnl«afTvw\f[]`g\IhbNXZN_ hXrn[ZNPl& []aIO []Nq\f
aInX]mhaxaI[§`jO\fkfNPl,\f[]N¥^afgbNP^_X]NqmX]a#^[]Nq\fXZNB`jOe\kIN
	 
XGlZNqNT¦`gkIn[]N5N+Y ¢ # lZNP^_aIV:m`gOe\fkfN	 I `jlaIhXr\`jVhNqm []aIO	 !YX][r\fV:lZj\X]`gVhk,X K Nezn[]Nvx`baYnlXZN_ hXrn[ZN
zaI[]XZ`gaIV:l¢u\fX]^ K `jVhkIl%NX¤pNNPV	 I \IVnm[X	 DY¸\I[ZN©Vhaw¡Nqv \fg:\XZNPm&¨aY[%lZaYO!N©l]xVYX K NX]`g^©mh`jlZX]aI[]XZ`gaIVnl
¢ J-K N-n\f^ ªYkY[ZaYnVnmR`jl(^ K \fVnkfNqmTXZa¨aI[rh`jm!aInV:mn\f[]`bNPlaX]N_ hX]:[ZNPlzaI[]XZ`gaIV:lX]a K Njz!z:[ZaYzn\kY\XZ`gaIVE¢
  ¯ n < ¯ 
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  `glX K NOe\w h`jOTnO zNq[r^_NPVYX]\kINa«O\fX]^ K `jVhk^_awvINq[r\kIN¥lrn[W \I^_NmhNGVhNqm Y¡X K Ngaw¸NP[
X K []Nql K aIgmvw\jhNRf¢ y NqONPOTNq[RX K \XTz:[ZaYzn\kY\XZ`gaIV`gl}aIVhg¥\fbgaw¸NPmB¨aY[}zh`b hNjl Baf%\I[ZNP\! " #%7XY"&I¢
  `jl-X K N}z:NP[]^NqVYX]\fkfNa(Oe\X]^ K `gVhk«^awvfNq[r\kIN
lrn[W \I^_N©aInX]\`jVhNPm`X>¸N K \ vIN   #  Y ¢
  X>[]NqlrzM¢  ¬\fVnm  QY
`gl©X K N&z:NP[]^NqVYX]\fkfNa-zh`b xNq Oe\X]^ K Nqlqi<l]:^ K X K \XRX K N`j[ROe\X]^ K `gVhk
Nq[r[ZaY[p`gl%gNqlrl-X K \fV¥©zn`  hNeX>[]NqlrzM¢\fVnm¬Qezh`  hNqgl0Y ¢
J-K N©Oe\fX]^ K `jVhkeNq[r[ZaY[pa(\zn`  hNO\fX]^ K X   VY¸`gl-mhNGVhNPm¬Y
 

X   VY!  G3X "  % [X Y "  "  %  HJI XY " Y
 K Nq[]N " A " `gl%X K N¸:^_g`gmhNP\fV¬VhaI[rO afX K N}zhj\fVhNI¢
 	  ! h
 ³ 
s [ZaYzn\kY\X]`baYV`glT`gVn`bX]`g\fb` NPm¥`jVNq\I^ K ^_aI:zhbN«afpX]N_ hX]:[ZN,zaI[]XZ`gaIV:lRI\lZ`jVhkIbN&l]NNPmz:aI`gVYX}Oe\Xr^ K
\fXX K N`j[^NqVYXZNP[]lq¢%¦`gkI:[ZNhd X>[]NqlrzM¢U7Yl K awl R iM·i
IipnipQ«vw\jhNql¨aI[NP\f^ K X]N_ hX]n[]NT\IVnm¬¨aI[
lrn^q^_Nqlrl]`bvINSniMni:ninQmnNkI[]NN©[]afX]\fXZ`gaIVnlXG[ZNPl]zE¢=SniE:i::ixQ []Nqmnn^XZ`gaIVnl0Y ¢(¦`gkIn[]Nql-~e\IVnm§
l K aw¡X K N}[]NqlrhbX]`gVnkemn`gl]XZaY[ZX]`baYVnl¢
¦`j[]l]Xi aIn[
vx`glrn\Oe\X]^ K `gVhk§^ K Nq^ ªfNq[ZcdaI\I[]m¬l]nkfkfNPlZXrl-X K \X
X K N!Oe\tWaI[]`bX¤§a X K N!Oe\Xr^ K Nql\f[]N
kIaxaxmE¢ £ VhNlZNqNqm@O\fX]^ K l]x&^Nqle`jV#Oe\wtWaY[Z`gX¤a^q\fl]NqlXZazn[]aIz:\kI\fXZN,Oe\fX]^ K `jVhk`gV#X K N K aIbN
X]N_ hX]:[ZNTzaI[]XZ`gaIVE¢ £ -`gVhk,XZa&X K N!lrOe\g^_aY[][]Nj\X]`baYV,-`jVnmhawlnl]NqmMi X K NOaIl]XXZN xXrn[]NqmBzaI[]XZ`gaIVnl
\I[ZN©Oe\Xr^ K Nqm§¨aI[%j\f[]kfN©mh`jlZX]aI[]XZ`gaIVnlq¢
J-K Ng\I[ZkINq[ mn`gl]XZaY[ZX]`baYVe`glqiIX K NbawpNq[ Oe\fX]^ K `jVhkT^awvfNq[r\kIN   `glq¢ J-K :liYX K Nz:NP[]^NqVYX]\fkfNafEkfaxahm
Oe\fX]^ K NPl
`jl:l]n\fbg K `gk K ¢©uBaY[ZNTX K \IV a¸zn`  hNOe\Xr^ K Nql K \ vfN!bNPl]lX K \fVzh`b xNqNq[r[ZaY[%¨aI[
Sni)«mhNkY[ZNqNT[]afX]\fXZ`gaIVnl
\fVnm`Sni<)  [ZNPmnn^_X]`baYVnlqi \I:aYhX
 af zh`  hNqOe\Xr^ K Nql K \ vfNTbNPl]l
X K \IV
zh`b hNjl%Nq[r[ZaY[¸¨aI[emhNqkI[]NN©[ZaIX]\fXZ`gaIV§aI[- [ZNPmnn^XZ`gaIVM¢
M-\fV:\fVn\XZN xXrn[]N-`glX]aYaRlrOaYaIX K ¨aI[ pvw\jhN-\fVnm`jl(VhNvINq[Oe\X]^ K NqmM¢ ¶[]\Il]lqpXZN_ hXrn[ZN-^aIVYX]\f`gVnl
gaw\IVnm¬mhNqVnl]N}mhNqX]\`gjl¢ J-K NPVMi ¶[r\flrlXZN hX]n[]NR`gl-lrnxtWNP^_X-X]a&n\fm¬zn[]aIzn\fkI\X]`baYV XGlZNqN}Q [ZNPmnn^ c
X]`baYVY ¢ P awpNvINq[qi­\I:aYhXR apzh`  hNq O\fX]^ K NPl K \ vfNbNPl]lX K \fV#zn`  hN(NP[][]aI[
¨aI[bSni(¬mhNkY[ZNqN
[]afXr\X]`baYVnl
\IVnm Sni)5[]Nqm:n^_X]`baYVnlhX>-`bX K Oe\Xr^ K `jVhk¬^awvfNP[]\fkfNbNS?   ? SY ¢M%aInk K ,XZN_ hXrn[ZN






l K awlOe\Xr^ K `jVhkTzNq[]`bahmh`j^ K aIbNPl X>l]NN
Sni-BmnNkI[]NN§[ZaIX]\X]`baYVnlT\IVnm Snip) []Nqmnn^XZ`gaIVnl0YRm:hNql!XZa¥`gOe\kIN§mh`jlr^[]NXZ` q\fXZ`gaIV\IVnmnVh`b¨aI[rO
mn`gl]XZaY[ZX]`baYVnl¢
   ³ h
  ¯x¯ ´
 
J-K NkIaI\f(a¸X K `jl}zn\f[r\kY[]\Iz K `jl©XZaBl K aw X K \X}^aI[r[ZNqg\fXZ`gaIVBafpzaf`jVYX]l©a%`jVIX]Nq[]Nql]X©`glRlrx&^_`gNqVYXRXZa
z:[Zahmnn^N,kIaYahml]NNPmzaf`jVYXOe\Xr^ K Nqlq¢ J-K N¬XZNql]Xezn\`j[ K \flvfNP[Zg\I[ZkIN§mh`jlrzn\f[]`bX]`bNPl,`gOe\kINql	 I `gl
Oe\fX]^ K NPm-`gX K \#mhNkY[ZNqN¬[]afXr\X]`baYVa 	  X>l]NN¦`gkIn[]N S(Y ¢p\f^ K X]N_ hX]:[ZNzaI[]XZ`gaIV¨aI[rOle\IV
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i h g f
e d c b a
a   Banana
b   Apple
c   Orange
d   Fine Gravel
e   Grass0
f    Foliage1
g   Wall0
h    Foliage0   
i    Wall1
j     Foliage3    
k    Bough1
l     Grass1
m   Folliage2
n    Folliage4    
o    Rock1
p    Rock0
q    Bough0
r     Grass-Foliage
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The propagation result : texture portions without
good seed point matches are not matched.
164 seed points matches (usually only one good
seed point match per texture portion suffices).
¦`bkYn[ZN S  # hXZaYOe\XZ`j^Rl]NNqmn`gVhk¢
+0   0   7  ,"(#
J-K N G []l]Xlr^_NPVhNp`gl(\XZN xXrn[]Nqm[Z`gvhhbNqX:X>l]NNp¦`gkI:[ZNfY ¢ ·¸afgaI[]NqmRUWOe\kINpmn`gONqV:lZ`gaIVnl\I[ZN\Sh :bUdI~n¢
J-K N¨aIbgaw-`jVhkeX]\fnbN}lrnOeOe\f[]` qNqlpX K N}z:[Zah^_NPl]l%\IVnm¬XZ`jO!NPl-aIV¬\  gX][r\ RYs # y · finQu K "
£ z:NP[]\fXZ`gaIVnl J `jONql y NqlrhgX]l
µ NXZNP^_X P \f[r[Z`jl%z:aI`gVYXrl-\fVnm^_aY[][]Nj\X]`baYV Sl DSh R NqNqmz:aI`gVYXOe\Xr^ K Nql
 xXr[]\I^_X-\fV:m§Oe\Xr^ K OaYlZXnVn` ¨aY[]O []NkI`baYVnl NYl N f~ R NNPm¬\I[ZNP\!Oe\fX]^ K NPl
µ NqVnl]NRu\Xr^ K `jVhk s []aIzn\fkI\X]`baYV qIl QI~"Nd s `  hNqEO\fX]^ K NPl
J-K Nlr\fONmhNX]Nq^_X]`baYV#\IVnm@^_aI[r[]Nj\XZ`gaIV\IlQ@  µ ¦ 7N"A
\f[]N§:lZNPmMi¸nnX«-`bX K aIhX«[]Nj\w n\X]`baYVaI[
NPzh`jz:aIg\I[R^_aIV:lZXr[]\f`gVYX¢ # glZNqNqmnlTlZXr\f[]X}^_aIV:^n[r[ZNPVYX©z:[ZaYzn\kY\XZ`gaIVE¢¦ n[]X K NP[iX K N&mnNqVnl]N&Oe\X]^ K `gVhk
z:[ZaYzn\kY\XZ`gaIV,mhaxNql-VhaIXnlZNRNPzh`jz:aIg\I[p^aIVnl]X][r\`jVYX¢
 Nl K aw d}`jOe\kfNPl(`jV«¦`bkYn[ZNTf"X K N
`jVh`bX]`g\f z:\`j[iYX K NOe\X]^ K Nqm«l]NNqm,z:aI`gVYX]lp\fV:m«lZNqNqm&\I[ZNP\flqi
\IVnm}X K N-mhNqV:lZN%Oe\X]^ K `gVhk©zn[]aIzn\fkI\fXZ`gaIVR[]NqlrhbXq¢U¤X(l K aIngm!:N-VhaIXZNqmTX K \fXX K N%`jVh`bX]`g\fhzn\`j[`glhjn[r[ZNPm
aYV[]`bk K XmhawV¥^_aI[rVhNP[¢ £ n[vx`glrn\ ^ O\fX]^ K `jVhk¬^ K Nq^ ªfNq[ZcdaI\I[]m_elrhkfkINql]X]lX K \fX©X K NeOe\wtWaI[]`gX¤¬af
X K NROe\X]^ K Nql-\f[]NkfaxahmM¢ R aIONRl]NNqm¬Oe\Xr^ K Nql%\f[]NRn\fmX K N}[]NqlrhbX]`gVnkez:[ZaYzn\kY\XZ`gaIV:l¸l]XZaYz§xh`j^ ªYb
X K \fV:ªYlXZa}kIaxaxmX]N_ hX]n[]NqlBX>l]NNX K NlrOe\g\IVnme`gl]afj\X]Nqmezn[]aIzn\fkI\fXZ`gaIVnl(VhNP\f[X K N
aI[rmhNP[(aEX K N\G[rlZX
`jOe\kIN©[]NqlrhgXY ¢
£ Vhg\¬¨N lZNqNqmOe\Xr^ K NqlT\f[]N&l]x&^`bNPVIX}¨aI[ K `bk K b¥XZN xXrn[]Nqmlr^_NqVnNqlq¢  N,Oe\fVxn\fbg¥l]NXT~
l]NNPm&zaf`jVIXrl¸Oe\fX]^ K NPl\fV:m&l K awz:[ZaYzn\kY\XZ`gaIVe[]NqlrhgX`jV«¦`bkYn[ZN!:¢u\IVxn\ ^_aI[r[]Nqlrz:aYVnmhNqV:^_Nql\f[]N
\I^^qn[]\fXZNRX]a,\faIhXT_cWezh`  hNqglq¢ £ Vhg,aIVnNTlZNqNqmOe\Xr^ K l]h«^Nql
XZa G:gX K NTOe\tWaI[]`bX¤§a Oe\X]^ K `gVhk
^awvfNP[]\fkfN.X X K N:\f^ ªYkI[]aInV:mY ¢ P aw¸NqvfNP[i O!aY[ZN!lZNqNqmBOe\Xr^ K Nql\f[]NTVhNP^_NPl]lr\f[]§X]a,aYhX]\f`gVB\§lZ`jO`bj\f[
[]NqlrhgX%`gV¬X K N}hg:[][]Nqm¬[ZNqkf`gaIV,X K \IV§X K N}\fnXZaIOe\fXZ`j^l]NNPmh`jVhk:¢
J-K Nel]Nq^_aYVnmlr^_NqVnN ^ l]X][]NNqX;_«`jl¸NqbXZN xXrn[]NqmX]aYa X>^_W¢¦`gkIn[]N& (Y ¢ y NqlrhgX]l©\f[]N}aYhX]\f`gVhNPm`jV
X K N!lr\fON}^aIVnmh`gXZ`gaIV:li­\fVnmX K N!Oe\tWaI[]`bX¤§a Oe\X]^ K Nql
l]NNPOelkfaxahm-`gX K aYhXNqzn`gzafj\f[^_aIV:lZXr[]\f`gVYX¢
J Nql]X]l%aYV§Oe\IVI,afX K Nq[rl%XZN_ hXrn[ZNPm¬`gOe\kINRzn\`j[]l K \ vINR\jlZae:NqNqVlrn^^NqlrlW hG¢
jkjml=nVo0o0p
q
VN V&7  k+)+ 
!
R ·  p ¸Q R ·  p ¸Q R ·  p pQ R ·  p pQ
M%aIhk K  ~IQ N(d ~f U f ~IQ N ~7d (d f~ ~IQ     ~IQ    f
¶[]\Il]l I~ ~"N U f f I~ ~I 7d I f I~ Uw ~(S (d f I~ UwQ Sf dI Uw~
¦:aIb`j\kIN I U  f~ f f I d(S U I f I Sh  U f I Q(S dU ~7N I
£ [r\fVhkIN U"d SN fQ f~ f U"d SQ n I~ f U"d S Ud : 7d U"d N(d Q(S Sn dn
# z:zhbN QS d n U f~ QS  SQ dI ~"N QS  S U7S ~U QS  Ux Uh Ux
M-\fVn\IVn\ Q:     Q:     Q:     Q:    
¶[]\Il]lZcd¦:afg`j\kfN I~ ~7d U f f I~ ~fQ 7d I f I~ Uw ~U U f I~ U dfQ ~ ~f
 \fb  U ~n 7d f f U ~ (S I f U UwQ ~U U f U d7d dU ~U "N
 \fbG U d"N "N f f U dn n I~ f U S~ ~ S f~ U Sh SN U(U ~U
¦`gVhN!¶[r\ vfNq I ~7d U f f I ~"N (S U f~ I ~n ~7d S f~ I UwQ SN dI Uw
y ah^ ª  I~ ~U U f f I~ ~(S (S I f I~ ~ ~7d (d f I~ UwQ dI ~: 
y ah^ ª  : Uw~ (S f f : Ud fQ I f : U ~fQ (d f : d7d S~ ~ 
M%aIhk K  U Sh ~fQ "N f~ U NU Ud  "N U Q(S S"d U(U ~U U S Qn SfQ d(S
¦:aIb`j\kINf I~ ~(S U f f I~ ~fQ 7d I f I~ U7U ~f~ (d f I~ U  d U~ ~U
¦:aIb`j\kINP I~ ~ f~ f f I~ Uw (S I~ f~ I~ df~  I~ f I~ S"d U ~I~ "N
¦:aIb`j\kINqQ IQ U7U 7d f f IQ U"S fQ I f IQ U  ~(S U f IQ dI dU ~I~ (S
¶[]\Il]lq ~: S "N f~ f ~: NI~ I I~ f ~: N7N U"S ~U fQ ~: Q(S Vd "N 
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